A total of 360 weanling pigs (Line 400 × 200; DNA Genetics, Columbus, NE, initially 13.0 lb) were used in a 28-d trial to evaluate the effects of Zn source and level on nursery pig growth performance. Each treatment had 8 replicate pens with 5 pigs per pen. The 9 dietary treatments were arranged as 2 × 4 + 1 factorial and consisted of a control diet that contained 110 ppm Zn from ZnSO 4 from the trace mineral premix or the control diet with 390, 890, 1,890, or 2,890 ppm added Zn from either TBZC (Intellibond Z; Micronutrients, Indianapolis, IN) or ZnO. This provided diets with a total of 500, 1,000, 2,000, or 3,000 ppm added Zn. Diets were fed in 3 phases from d 0 to 7, 7 to 21, and 21 to 28 with the first phase fed in pellet form and the others as meal. No Zn source by level interactions or Zn source differences were observed throughout this 28-d study. Overall, from d 0 to 28, increasing Zn increased (linear, P ≤ 0.05) ADG, ADFI, and d 28 BW. On d 28, fecal samples were collected from 3 pigs in each of the 8 pens per treatment and analyzed for DM content. There was a tendency (P = 0.08) for a Zn source by level interaction. As Zn from TBZC increased, fecal DM decreased, but for pigs fed increased Zn from ZnO there was no difference in fecal DM. In conclusion, up to 3,000 ppm Zn improved ADG and ADFI with no effect on F/G. There were no differences among pigs fed the different Zn sources, suggesting that either Zn source is effective at improving weanling pig growth performance.
Introduction
Zinc is a trace mineral essential for optimal protein and energy metabolism. In addition to meeting the basal requirement, research has shown that pharmacological levels (3,000 ppm) of dietary Zn from ZnO for the first 2 to 4 wk after weaning can increase growth rate. However, these high levels of dietary Zn are also associated with increased Swine Day 2015 Zn concentrations in swine waste. Typically, ZnO is the preferred Zn source added to achieve these growth-promotional benefits because it is consistent in response and low cost. However, ZnO also exhibits poorer bioavailability compared to other Zn sources, which contributes to excess Zn excretion. Zinc hydroxychloride (Intellibond Z®, TBZC, Micronutrients Indianapolis, IN) is a more bioavailable Zn source than ZnO (Zhang et al, 2006) 3 . However, little research has been conducted to compare performance of pigs fed either Zn from ZnO or TBZC. The objective of this study was to compare the effects of different levels of Zn from TBZC and ZnO on the growth performance of nursery pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol for this experiment. The study was conducted at the Kansas State University Segregated Early Weaning Facility in Manhattan, KS. The facility has two identical barns that are completely enclosed, environmentally controlled, and mechanically ventilated. Treatments were equally represented in each barn. Each pen was equipped with a 4-hole stainless steel dry self-feeder and a cup waterer for ad libitum access to feed and water. Pens (4 × 4 ft) had wire-mesh floors and deep pits for manure storage.
A total of 360 weanling pigs (Line 400 × 200; DNA Genetics, Columbus, NE, initially 13.0 lb BW) were used in a 28-d trial. Each treatment had 8 replicate pens with 5 pigs per pen. The 9 dietary treatments were arranged as Control + 2 × 4 factorial and where the control diet contained 110 ppm Zn from ZnSO 4 included in the trace mineral premix or the control diet plus 390, 890, 1,890, or 2,890 ppm added Zn from either TBZC (Intellibond Z; Micronutrients, Indianapolis, IN) or ZnO. This provided diets with a total of 500, 1,000, 2,000, or 3,000 ppm added Zn for each source. Diets (Table 1) were fed in 3 phases from d 0 to 7, 7 to 21, and 21 to 28 with the first phase fed in pellet form and the others as meal. Diets were manufactured at the O.H. Kruse Feed Mill at Kansas State University, Manhattan, KS. Pig weight and feed disappearance were measured on d 0, 7, 14, 21, and 28 of the trial to determine ADG, ADFI, and F/G. Multiple samples of each diet were collected, blended and subsampled, and submitted for Zn and proximate analysis (Table 2 ; Ward Laboratories, Inc., Kearney, NE).
On d 28 of the study, feces were collected to determine fecal DM. Feces were collected from 3 pigs per pen, combined, and then subsampled to create 1 representative sample per pen. Fecal samples were then frozen at -20°C until they were analyzed for DM (Undersander et al, 1993) 
Data were analyzed as a randomized complete block design using PROC MIXED in SAS (SAS Institute, Inc., Cary, NC) with pen as the experimental unit. Barn was used as a blocking factor, and barn was included in the model as a random effect. Source × level interactions were evaluated using contrasts. The effects of increasing Zn level within source and main effects of Zn level were determined by linear and quadratic polynomial contrasts. Contrast coefficients were determined for unequally spaced treatments using the IML procedure of SAS. Results from the experiment were considered significant at P < 0.05 and a tendency between P > 0.05 and P ≤ 0.10.
Results and Discussion
The chemical analyses of the experimental diets were similar to those calculated from diet formulation (Table 2 ).
There were no Zn source × level interactions observed throughout this 28-d study (Tables 3 and 4) , nor were there any differences due to Zn source. From d 0 to 7, 7 to 14, 14 to 21, and from d 0 to 28, increasing Zn increased (linear, P ≤ 0.05) ADG and ADFI. From d 0 to 7, increasing Zn from ZnO tended to increase (linear, P = 0.060) ADG and increased (linear, P = 0.022) ADFI, while increasing Zn from TBZC tended to improve (linear, P = 0.074) F/G. From d 7 to 14, increasing Zn from TBZC increased (linear, P ≤ 0.05) ADG and ADFI, and pigs fed increasing Zn from ZnO tended to have increased (linear, P = 0.087) ADFI. From d 14 to 21, increasing Zn from either TBZC or ZnO increased (linear, P ≤ 0.05) ADG, ADFI, and d 21 BW. From d 21 to 28, ADG was not influenced by Zn level; however, pigs fed increasing Zn from either Zn source had increased (linear, P = 0.030) ADFI, resulting in poorer (quadratic, P = 0.041) F/G. Overall, from d 0 to 28, increasing Zn from TBZC increased (linear, P ≤ 0.05) ADG, ADFI, and d 28 BW, and pigs fed increasing Zn from ZnO had increased (linear, P = 0.017) ADFI and tended to have increased (linear, P ≥ 0.10) ADG and d 28 BW.
For fecal DM (Tables 5 and 6 ) on d 28, there was a tendency (P = 0.081) for a Zn source × level interaction. As Zn from TBZC increased, fecal DM decreased, but for pigs fed increased Zn from ZnO, there were no differences in fecal DM. Despite this interaction, fecal DM decreased (linear, P = 0.004) with increasing Zn.
Overall, these data confirm the growth-promoting benefits of including 3,000 ppm of Zn in diets fed to weanling pigs. This study also illustrates feeding duration is critical when feeding high Zn levels since F/G was poorest for the highest Zn treatment d 21 to 28. There were no differences among pigs fed the different Zn sources, suggesting that either Zn source is effective at improving weanling pig growth performance. 
